\Ye present a new theory for two relativistic particles interacting through an action-at-adistance force. The masses of the constituent particles are well defined. Vif e treat the equal and unequal mass cases simultaneously. In the interaction case we get the conditions which suppress the internal time component in the rest-frame. Using the conditions as strong equations, we quantize the system canonically. A generalized Klein-Gordon equation is obtained. The internal space is three-dimentional and Euclidian but the wave equation is Lorentz covariant. The harmonic oscillator system is solved. The leading Regge trajectory is linear rising in the case of the equal constituent mass. In the unequal mass case, however, it has a leap in an unphysical region and deviate from a straight line near the leap. The extent of the leap and the deviation depends on the value of the mass-difference of the constituent particles. § 1. Introduction and summary lVIany years ago, the bilocal-field was proposed by Yukawa 1 J as a simple example of the non-local field. The bilocal and the trilocal fields are used as the prototype o£ meson and baryon. For these years, the mechanical models'J~ol which lead to the bilocal models have been proposed by several authors. However, up to now, there is no convincing treatment for the system composed of the particles \vhich ha,·e unequal masses.
§ 1. Introduction and summary lVIany years ago, the bilocal-field was proposed by Yukawa 1 J as a simple example of the non-local field. The bilocal and the trilocal fields are used as the prototype o£ meson and baryon. For these years, the mechanical models'J~ol which lead to the bilocal models have been proposed by several authors. However, up to now, there is no convincing treatment for the system composed of the particles \vhich ha,·e unequal masses.
In this paper we present and study a new relativistic mechanics of two point particles interacting through an action-at-a-distance force. The theory must be invariant under reparametrization of each world line. Moreover, in order to define -vvell the masses of the constituent particles, we require that, in the no interaction limit, the theory describes the system of the free relativistic particles. Due to this requirement, it will be possible to treat the scattering processes o£ the relati,·istic point particles. Needless to say, by a suitable choice of the potential function, we can confine the constituent particles.
In a previous paper 3 l we did not require the existence of the simple free-limit but required the exchange-invariance, i.e., the invariance under the exchange of each particle at arbitrary instance. It turned out there that the theory gives the meaningful models only for two-and three-particle systems. However, it was also pointed out that the exchange-invariance has to be violated in order to include radial excitations. The present theory actually gives the model which permits the The action 1s constructed by extending the one which describes the two free relatiYistic particles. The masses of the constituent particles are definitely defined. We treat the unequal as well as the equal mass case. The action gives non-linear equations of motion. They lead to the conditions which suppress the time component of the internal motion and determine the total mass corresponding to the internal motion. By taking a suitable gauge, the equations of motion are also reduced to those vvhich are the same type as in the non-relativistic two-body problem. It should be noticed that, in the interaction case, the classical center-of-mass coordinate is definitely defined and it depends not only on each constituent mass but also on the total mass. In the special case of the Hooke-type potential, we get a mass-spin relation which is generally different from the usual one. The leading Regge trajectory has a leap in the unphysical region and deviates from a straight line near the leap. The extent of the anomalous behavior depends on the mass difference of the constituent particles. In the limit of the equal constituent mass, it becomes entirely linear.
'When the system is quantized, we impose strongly the conditions which suppress the time component of the internal motion as the operator equations. Then we need not use the indefinite metric space and are not troubled with the appearance of the unphysical state in calculating the scattering amplitude of the composite systems. It is different from the traditional treatment of the bilocal model in which the conditions are imposed weakly after the method of Gupta-Bleuler in the electromagnetic field theory. It is also a merit of our approach that, for any internal potential, we need not worry about the consistency between the wave equation and the subsidiary conditions. On account of the strong conditions, we cannot carry out the manifest covariant canonical quantization. vVe seek for the independent canonical variables at the expense of the manifest covariance. The resultant quantum theory is described only by a generalized Klein-Gordon equation with the three-dimensional internal Euclidian space. The wave equation does not permit space-like solutions.
In the following section, we shall set up the action, and solve the Euler equations. In § 3, we describe the Hamiltonian formalism with the constraint conditions. After rewriting it in tern~s of the center-of-mass and relative variables, the independent canonical variables are found in § 4. In § 5, the theory is quan- The velocity of each particle is required to be less than that of the light :** 1
The e\'olution para111eters ·of the interacting points satisfy the 1nonotonous increasing relation
where f 12 is an arbitrary function. The interaction takes place at space-like distance; the relative coordinate
of the interacting points satisfies
VvT e choose the action of the interacting two particles as (6) ·where the each potential function Ua is arbitrary but satisfies (7) This action 1s a simple one which ensures our requirement stated in the prevwus section. Actually, in the no interaction limit ,J(Ja---"nla (const), it is reduced to (8) which is the free action for the two relativistic particles with the masses m 1 and m 2• The r"a·invariance of the action (6) is obvious, so that we can com·eniently choose the gauge***l r 1 = r 2 ( =r-) to represent the action 111 the form of the hereafter. In this case, as we shall see later on, we get a suitable set of constraints which suppress only the time-component of the internal motion. Equation (16) is tri\-ial in the free regwn (U' = 0), but in the interaction regwn (U' =FO) it is reduced to P·x=O. This form is analogous to the usual equations of motion 1n the non-relati\'istic:
t\Yo-body problem. In these ways, we obtain (22) and (23) The rest condition of (14) leads to
which is obtained by summing each equation of (14) with the weights ea -~. Substituting (27) to (29) and manipulating a little, we get -P 2 =2P 2 + u; + U2+2v (P 2 + Ul) (P 2 + U/).
This determines the total mass of the system corresponding to the internal motion.
Here the sign before the root is decided to satisfy the condition
which follows from Eqs. (27), (21· c) and P 2 <0. where {P'', F"} =0, {X~, r} =g''", {X~, X'}= -S'"IP',
To sum up, the basic set of equations in this stage is (18), (25), ( 41), ( 47), ( 48) and ( 49). It is directly checked that they reproduce the equations of motion (32).
HoweYer, it is not conYenient to use Eqs. ( 49) as the basic PB for the purpose of quantization, because they are not in a canonical form. Whereas it is easily seen that not only P·P but also P·x have zero PB with X, P, x, and p. This fact shows that Eqs. (18) and (25) can be considered as identities; the independent internal \'ariables become six. We have to find a set of independent canonical Noting ( 48), we get the equations of motion 
The condition ( 48) is ensured by imposing the following condition on the physical state 1</J):
By gomg over to the Schrodinger representation by the transformation -: 1s completely eliminated from the theory on account of (59). Thus we get the basic equations for the quantum theory: The canonical commutation relations which have the same form as (58) among -:-independent variables and the generalized Klein-Gordon equation
The Lorentz-transformation property of x and p are the same as in the classical theory. Thus m' is scalar and Eq. (61) is Lorentz invariant. It is to be noted that we have constructed a quantum theory for the arbitrary positive potential U.
In the traditional treatment with the subsidiary conditions which eliminate ghost states, it is difficult to ensure the consistency between the wave equation and the subsidiary conditions for arbitrary potential functions. When the potential is given by (34), it is convenient to introduce the oscillation variables ait and ai which satisfy the CR
by the definition
The mass operator becomes
where we dropped the zero point mass understanding the normal ordered product. Equation (61) can be easily solved in the rest-frame (P = 0). Introducing 
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This has the mass value 
The algebra among L~. and s~. are given in the Appendix C. They are complicated but JJ1~v satisfy the usual Lorentz algebra. Mass-spin relation is investigated with the help of the Pauli-Lubanski operator VTT~. A little manipulation gives
The highest spin state in each multiplet satisfies (73) and it lies on the trajectory (37). § 6. Discussion
It seems accidental that the PB of ( 49) are consistent with (18). However, the same algebra can be derived by the Dirac's methodn in which the conditions (18) and (26) are used to eliminate one internal degree of freedom. The quantum theory which is obtained by replacing the Dirac bracket of the independent canonical variables by the commutator are the same as the previous one.
In the usual bilocal model, space-like solutions are permitted. s> We removed the space-like solutions by the assumption that Pa 0 are positive and Pat-< are time-like vectors.
If we intend our theory to apply for mesons, the experimental evidence of our model will be checked by the anom<\lous behavior of the trajectory. This check is difficult in the resonance region, because the deviation from the straight line is little in that region for the non-charmed meson. The trajectory of the charmed meson has not yet been established. Thus it is important to inyestigate the effect of the anomaly to the scattering amplitude. In order to compare the theoretical result definitely with the experimental one, it is indispensable to include the half-integer spins of the constituent particles, since they must contribute not only to the total spin but also to the total mass.
In our formalism we can treat the scattering of point particles. When U becomes constant at large distance, the constituent particles can dissociate \Vith each other and move freely. Then the masses of the particles in the free motions are different from ma.
\Ve developed the theory choosing the gauge in which r is scalar. Alternati\ce]y we can work in the non-covariant gauge defined by (74) Then the Lagrangian 1s
In this case the correspondence to the non-relativistic theory becomes clearer.
The generalization of our formalism to N-particle system is straightforward. The action is given by (76) where Xa 11 (ra) represents the space-time coordinate of each constituent particle.
In the three-particle case the model will describe the prototype of baryon. A detailed investigation of the model will be given in the near future. 
We write the projection of x" and P"' to e (i) as
xi=x·e(i), Pi=P·e(i).
They become the internal canonical variables which satisfy
It can be checked that X 0 has vanishing PB with x and p, but Xi does not.
Thus X 0 itself can be taken as the canonical center-of-mass time coordinate. In order to find the canonical center-of-mass space coordinate, we require that the angular momentum tensor in terms of the canonical variables can be represented in the same form as in the non-canonical ones: 
From (B·3) and (51·a,b), we get 
Defining x 0 and p 0 by the relations as expected. The quantum mechanical algebra are glVen by replacing the PB by the commutator multiplied by -i.
